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COMPLETE SPECIFT0ATT05C 
Extraction Process for Polyroer Treatment 



We, EoppERS OosfPAiTY, Inc., a cor- 
poration organized tinder ihe laws of the 
State of Delaware, one of tie XTnited 
States of Ame-rioa, of Koppers Building, 
6 CSty of Pittsburg, State of Pennsylvania, 
United States of America.^ do hereby 
declare the invention, for wmcb. we pray 
that a. patent may be granted to iis, and 
tlie method by which it is to be performed, 
10 to- be particularly described in and by the 
following^ statement : — 

Thisi invention relates to the esta^actibn 
of polymer particles to remove impurities. 
More specifi-cally, it relates to a process 
IB using. a suspension agent to stabilize the 
OTspension of polymer particles in an 
extracting liquid. medium. 

It has b«en known that certain proper- 
ties of polyiners, such as resistunce to 
20 shrinkage, " to discoloration, to crazing 
and to heat-distortion, may be improved 
by the removal of unpolymerized 
monomeir, low - molecular - weight poly- 
meiB, monomer impurities, catalyst resi- 
25 dnes,. etc., hereinafter referred to collec- 
tively as low - molecular - weight com- 
jjonent?; or materials. Various method of 
removing these low-molecular-weight 
materials: have been employed, such as 
80 heating under high vaf*mim, steanfi distil- 
lation, precipitation of polymer from 
solution, etc. However, these methods 
recLuire expensive equipmenli and tech- 
niques and are sometimes inefficient, 
85 Heretofore, attempts to extract these low- 
molecular-weight coinponents from these 
polymeric materials by the use of solvents 
for the low-moleculaa'-weight- materialjv, 
which. solvents aro non-5?olyentfi for the 



polymer, usually have resulted in 40 
agglomeration and lump formation of the 
polymer particles, esx)ecially since extrac- 
tions are generally more effective at'tem- 
2>erature3 close to or above the heat? dis- 
tortion temperature of the polymer. 45 

It has now been found that low-mole- 
cnlar-weiglit components may he removed 
from polvTner particles, such as beads, 
IDowder, granules, etc. by treatm.ent with 
an e^tractant, which is a solvent for the 50 
lowrmolecular-weight components and a 
non-solvent for the. polymer, simultane- 
ously witii a suspension agent which pre- 
vents agglomeration and lumping of the 
polymer particlesu 

The present invention, accordingly, 
consists in a process for treating polymer 
particles to separate removable com- 
ponents therefrom which comprises form- 
ing a suspension of the polymer particles 
and. a suspenpion stabilizer in a liquid - 
medium, said liquid medium being anon- 
solvent for the polymer but a solvent for 
the removable components of the polymer 
particles, and senarating the polymer 65 
particles from the liquid medium contain- 
ing the removable components dissolved 
therein. 

The exact manner of practicing the 
Invention depends on a number of factors 70 
which include {l1 the polvmer or co- 
polymer to be purified, (2) the extraetant 
which is used. (3) the suspension agent 
which is sxiitable for use with the parti- 
cular extractant, (4) the conditions of the 75 
extraction procedure, snch as the tern- • 
peratnre, the number of extraction cycles, 
thp proportion of extractant to polym.er 
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and of suspension aj^enl to poljnner, tlie 
efficiency of ag-itation, etc., and (5) tlie 
property cliange desired in the polymer. 
Fi^re 1 of the accompanying draw- 
6 ings illustrates the effect ot temperatun* 
on the efficiency of tbe extniction pro- 
cess. Figure 2 shows the improvement in 
shrink resistance for polystyrene 
extracted with juethanol.and with ethaiiol 
.10 by the prcicticft i>f this invention. 
■ ' The process of this invention is -ai)pli- 
" cahle to any resinous or pohmeric 
material from wliich it is desirahle to 
extract low - molecular - weight oom- 
Ifi ^poneuts, especially from polymeric 
materials whijcli liaye therein residual 
monomer, monomer impurities, monomer 
solvents, cat-alyst fragments, polymerizn- 
tion by-prodncts, low-Tnolecular-weight 
20 polymers, etc.. such materials being con- 
sidered as impurities in the high-mole- 
cular-weight polymers which act unfav- 
ourably on various i)ropertios of the 
polymers. The practice of the invention 
2b ic; esijecially advantageous,^ jis shown 
hereinafter/ in the purification of poly- 
meric vinyl aryl com])Ounds, pnrticularly 
polystyrene as shown by the improve- 
ments effected in it.s shrint-resi-tance and 
80 other properties. 

The. choice of cxtTactants depend^ on 
the polymeric material which is to bi* 
j'-iirified. In any case, a< previously stuted, 
the extratrtaiit 'should ha\'e good solvent 
35 power toward the imjmrities and should 
be a. 'non-solvent for the polvnier. !\rore- 
over,' th'p-estraetant is advantiigeously a 
Tion-swellin*? agent for the polymer, 
althouirL this fa^'tor may not be too 
40 important if the effects - oii the physical 
IJToperties of the "polymer can* be* dis- 
regarded ' as in the case of analytical 
determination?' of ei^trnetnble components 
of a polvmeric materi;^!. Iri some cases it 
46 may be desirable to follow the use of a 
swellinsr solvent by an extraction with a 
non -swelling solvent to remove residual 
swellinir solvent as illustrated'hereinafter 
bv Examnle Y. For vinyl^ aromatic 
60 polvmers the low-moleculai'-weight mono- 
hydric 'alcohols are suitable as^ extracting 
solvents or extractants, advnntageously 
those bavins' three or less carbon atoms. 
With polvstyrene metbanol ' is a non- 
56 swelling extractant, whereas, ethanol, pro- 
panol and isopropanol ar^^ swelling 
extractants. As illustrated hereinafter, 
methanol ai^ the extractant and zinc oxide 
as the dispersing agent is n preferred 
60 combination for polystyrene. 

With non-swelling extiuctarits,. the sus- 
pension stabilization is accomplished 
with a greater variety of suspenfvion 
agents: however, with swelling extra c- 
65 tants, agglomeration or lumping of tlie* 



polymer particles is satistanlorily pre- 
vented only by the stsilulizers more efii- 
cienl for these suspensions, ^ueh as* zinr 
<5xide. Thus, ziu'- oxide is veiy effect iv*^ 
tor the practice of tlii*i iuvenl'ion when 70 
polystyrene hetnls iire exlrjcteil witli 
methanol, a non-swelling extraclant. or 
w^ith ethanol, propanol or isopropanol. 
swpUing extmcant*!. Tricabiuni phos- 
phate, magnesium |iiios]diul*, Uariiun 75 
Xihosphate. aluininun* phosphate, calcium 
carbonate, calcium fluoride, pol\ vinyl 
alcohol, sodium cnrboxy metliyl cellulose-, 
talc, kaolin. kie<elgulir. aluminum oxide, 
barium sulfate, mitgoesiuni c-arbonntv. yO 
fen'ic carbonate, magnesium silicate, etc.. 
are also suitable for use with methanol i>ni 
sometimes do not sulTlr-ient'ly stabilize 
polystyrene suspension^ in propauols. 
Hydroxy apatite is usually elective with 85 
the t?xtraction of polystyrene when 
methanol or ethanol i< n-^ed hut iv not as 
efficient in preventing agglmueration of 
the pohnuer bead"? when the propauols aro 
used. Thus the. effirien<-y of the various 90 
suspension agents can bi» seen to vary in 
aceordaiipe with the extractant being 
used. Moreover, the effiriency of the indi- 
vidnal solid, in^oluhle >uspenvion agt^nfs 
vary somewhat in ac tordancp with their 95 
partiele size; that is. tlio etiiciency gener- 
ally intrrease^ with fiiivr portiele size, suh- 
niit-ronit* parti<':le -izc in such rapes being 
particularly advantageoii^i. When the sus- 
pension agent is sul>stantially all of 100 
especially fine particle size, the amount of 
susjieu'^ion agent required for ^t^ibilizn- 
tion may be very r»mall.- e.g., as low as . 
0.03% by weight based on the pol\nner. 
When the susjiension agent is obtained 105 
commercially, the particle size is gener- 
ally larger than when freshly prepared, 
and therefore larger amounts may be 
required" for stabilization.- Fui*thermore, 
the stability of these susj^ensions may be 110 
varied to some extent by the amount of 
agitation, more vigorous agitation being 
benipficial to stabilization. 

Tery often a susjiension agent which is 
siiitable for use in the preparation of a 115 
polymer by bead jjolymerization of the 
monomer is o\<o suitable for use tis the 
su.spension agent with such n polymer in 
the extraction process of this invention. 
In such ca'ie*, it is usually desirable to jgQ 
retain the suspension agent oir the 
jiolymer beads by eliminating the ustral 
washing step. Thus the polymer beads are 
ready for extraction immediately after 
ihe aqueous suspension medium has been 125 
drained from the polymer bends. Suspen- 
sion agents which are especially adaptable 
to such practice are hydroxy apntit-e-and 
magnesium phosphate. "Wlien Mirh sus- 
pension agpnt «^oating<j are thus retained 130 
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OB tlie polymer beads, tke efficiency of the^ 
wuspensian ag'euts is gx^nerally increased, 
aometimes permitting' tke use of j3ro- 
Ijanols wliere they w&ie not otherwise suit- 

6 able. Otber materials suitable for s\icli 
dual ]>urpose include tiicalcium phos- 
phate, barium phosphate, aliimiuuiii 
phosphate, "zinc oxide, bent-o-nite, cakium 
carbonate, calcium fluoride, polyvinyl 

10 alcohol, flodium carhoxy methyl cellulose*, 
etc. 

Conditions suitable for the practice of 
the invention depend to some extent on 
tli6 reagents used. Thus suitable tempera- 
15 tares are determined some.Trhat by the 
' characteristics of the polymerio material 
and the extractant being' used as well as 
by the duration of extraction, the 
number of extraction cycles, the ratio of 
20 extra eta nt to- polymer, the degree of puri- 
fication and the ultimate polynier pro- 
perties desired. ITsuolly within moderate 
temperature ranges; e.g:. about 70— -130° 
C, the rate of extraction increases with 
2S increase in temperature as shown in 
- Figure I. The upper liiiiit on the tenipeTa- 
ture obrioiLsly depends on the limits of 
ihe pressure equipment being" used, the 
economics of su^jplying heat, the effects 
80 of increased temperature on the solvent 
l>ower or swelling: power o-f the extractant 
on the polymer, etc. Lower limits on sxiit- 
able temperatures are dependent on. per- 
missible minimum rates of extraction or 
3^ the solvent power of the extractant for the 
impurities. With polystyrene a minimum 
temperature for metjlianol extractian 
appears to- be about 70** a very satis-, 
factory temperature range is about 100 — 
40 .110* 0., and no particular advantage 
appears for the use of temperatures above 
approximately 130'' C, especially since 
the economic factors with regard to the 
type of equipment required and the cost 
46 of .supplying heat are unfavourable. 

The time required for satisfactory 
extraction depends on too many factors 
for even an approximate determination of 
limiis, for example, the temperature, the 
60 solvent power of the extract^int for the 
impurities, the number of extraction 
cycles, the ratio of extractant to polymer, 
the desired degree of purification, the 
ejitent of change desired in the properties 
65 of the product and the size of the polymer 
particles. Extraction periods giving satis- 
factory results are illustiTited hereinafter 
in the examples. Suitable ratios of sus- 
pension agent to polynier also depend 
60 somwhat oh the type and particle size of 
the fmspension agent/, the solvent, the 
polymer, the amount of agitation, etc. 
"Wliereas as little as 0.03% suspension 
affent may be used when the agent is sub- 
65 fttantially nil n-f especially fine particle 



size, it is generally advantageous to use 
at least 0.3% basecl on the weight of 
polymer. The upper limits; on amount of 
suspension agent are determined. mainly 
by economic factors and usually do not 70 
exceed o— 10% by weight. Satisfactory 
ratios of extractant to polymer will obvi- 
ously vary with a number of factors such 
as solvent power for the impurities, per- 
cent impurities in the polymer, tempei'a- 76 
ture, etc- It is generally satisfactory, 
however, to have at leasit- a weight of 
extractant approximately equivalent to 
the weight of polymer treated, and advan- 
tageously in many cases ta have a weight 80 
of extractant at least 1 .5 or more times 
that of the polymer. 

The invention is be.^t described by the ; 
following example.? which are intended, 
not as a limitation on the invention, but 85 
ix) illustrate various methods by which 
the invention may be ])racticed. In the 
examples and throughout the specifica- 
tion, the terms ** parts and percent- 
age!?, " are intended to^ mean parts by 90 
weight and percentages by weig^ht. 
Monomer co-ntent.s are determined by 
ultraviolet spscti^a-photometric analysis 
according- to the method described in 
An^hjtic-atChemhtrii 20. 312 (1938). The 95 
standard shrinkag^e or boiling test consists 
of immersion of polynier samples for 30 
minutes, in bailing water, a 100* C. tem- 
perature being maintained by the. addi- 
tion of sufficient salt and by continuous 100 
reflux. The shrinkage tests were made on 
test bars prepared by injection molding. 
The bars as molded were 8^/" x i" x 2" buv 
were cut to 4J" x ^" x |" before the boil- 
ing tcBt. 105 

ExA.ifPLI2 I. 

Into four glass ^ bottles were placed 
charges of identical polystyrene bead 
samples, each charge being 100 parts, to- 
gether with 160 parts of methanol and HO 
one part of rinc oxide. The air in each 
bottle was replaced with nitrogen, and 
the bottles were then sealed bv aluminum- 
lined caps. These bottle& were placed on 
a wheel which revolved at rpm through 
a constant temperature bath maintained 
at 70" a. The contents of the bottles were 
thus heated aaid agitated for the periods 
indicated in the table below. After lieat- 
ing for the designated period, each bottle 120 
was removed from the coiLstant tempera- 
ture bath and allowed to stand until the 
tem'perature dropped below syO" 0. at 
wliich time the bottle waj«i opened. The 
values of the monomer content, shrinkage: 1^5 
and heat-distortion temperature Tvere de- 
termined in each case and .were as indi- 
cated in the table below, and the perceni 
monomer versus extraction time is plotted 
in Figure 1. 130 
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Pe rcentage ^ Heat 

Average Shriixkag<' Di.sitortioii 
rime(Hrs..» Percent Moiioiuar Lengtli Widhli ."O. 



(J ri.42 17. -J yi.* 

:i 0.4e i.4.7 «3.B 

Ifi 0.2ri J 1.2 1/) 04.] 



10 The <?xtvaelioii prnrechire of Example I 
repealed with « mniiliev nf sivinple^ of 
identical polystyrene Trends liaTin;>' an 
original monomer content ot 0.42%, 
n^diisr a temperature of 300" 0. with 

15 methauol. etlianoL propanol and isopro- 
ptuiol ext-ractiints. The alcohol?? higher 
than methanol are jji-ooTessirely raore- 
efrectire than nietluinol in renioyinj^^ the 
monomer from the 1)eads. At the sainer 

20 lime the heat di"=?tortion teniper.itnro i«i 



jowiM- and Viu* ^hrink;^J^'e of molded teat 
hars is frreater. TJiis indicntes that the 
liigher alcohols nanse the beads to swell, 
;<ikI Irtter this *^wellin<^ is reflected in the 
shriufcapre and heat distortion tesifa. The 26 
tollo-winfr table sliow* the resnlfs, Fignrf 
1 shows a ciiive f»f j>erceni monomer 
versn^ time of extraction tor the methanol 
ti'eatmeni-, and Figure 2 show^* the art-r- 
ag'e chang*e in length and in width plotted 30 
asrainst time of exfraction for the nietli- 
anol nnd t4hano1 trea t mini U. 
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Time 


Alcohol 


Monomer 


J'ei'ceiilaye 
Averaft'e^ 8]irinkn^>i- 
Lp-ngrth \Yi(hh 
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(J 


Jfethanid 


0.4-2 
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o 




0.31 
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'i.O 


1.1 




12 




0.04 ■ 


«.{) 


■2.'i 


mjt 


IS 








0.0 


04.8 


24 




n.o:i 




1.1 


!M.2 


- n 


Etbonol 


0.05) 


12.4 


1.1) 


SO.st 


4 




0.07 


7.1 




90.fi 


12 




O.Ot! 


y.4 


1.:} 


ni.<; 


IS 




0.04 




l.H 


•)0.7 


24 




0.03 


4.:J 


1.4 


92.4 


' 2 


Pro]>aiird 


0.0 




y.2 


SS.r, 


4 




0.0 


•'Jl.S 


S.7 


SS.4 


12 




0.0 


24.S 


fi.2 


S8.!) 


18 




0.0 


11.7 


2.3 


01.5 


24 




(1.01 


81.0 


0,4 


sn.n 


o ' 


T-^npropanol 


0.0 • ■' 


9" 


1.7 


02.0 


4 


* * 


0.0 
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0.0 


0.9 


1.0 




18 




0.0 


11.3 


2.4 


00.7 


24 




0.0 


2S.0 


7.0 


flO.r, 



Example TTT. 
The extraction procedure of Example T 
was repeated fox a nnmber of identical 
60 polystyrene bead sample.? roni'ainin^ an 
orig-inal monomer content of 0.42%^ 
These extraotions were condncted at 100"* 
f". and in fonr-honr cycles, the number of 
cYole«i and the alcohol.'^ used heinp indi- 



fnli'd in the foUowin^: table together with 
the change?* effected by tJie extractions. 
Ab in the preeedinfr example, nse of 
alcohols In^her than methanol, although 
giTinp: good monomer rednction, resEnlted 
in considerable shrinkage, possibly be- 
can«ie of the ^^wellinty effect. 
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Percentage Heat 
Cycles Eercent Average Shriiikage DiBtortion 

Leoigtli Number Alcokol Monomei; Leugtli Width °C. 





0 


Meliliaxuol 


0.42 


17.2 


3.84 


91.4 


4 Hr. 


1 


>3 


0.02 


4.7 


1.1 




4 


^ 


»9 


0.0 


. 2.2! 


OS 




4 




:3 


0.0 


1.4 


0.1 




4 


4 


3! 

JQthauol 


0.0 


i.9 


0.89 


9e.4 


4 


1 


0.04 






96.4 


4 


2 




0.0 








4 


4 


;> 

Propajwl 


O.O 


17.3 


2.5 


90.3 


4 


1 


o.o 








4 


1 


Isopropaiiol 


0.0 
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16 Tlie extraction procedure, oi Exajxiple i 
was repeated wiili a number of samples, of 
polystyrene beads prepared by a process 
wbicb gives polystyrene beads baving a 
monomer content of substantially zero. 

20 The extraction was conducted at lOO'* O. 



tmd iii four-boar cycles with the used 
laetbanol being removed and f resb nietb- 
anol added before each, cycle. The effects 
of the various extractions on the shrink- 
age and heat distortion are indicated in. 26 
the table below. 



30 



Cycles 
Length Number 



4Hr. 

i 

4 

4 

4 

4 



0 
1 
2 
3 
4 
5 

e 



JPercentage 
Average Shrinkage 
Length Width 



40 



Polystj^rene beads, similar to those used 
in the preceding example (having- an 
initial monomer content of subKtantially 
zero), were extracted at 100** C. in thre© 



6.37 

2.7 
2.1 
2.1 
^ o 

2.8 



1.08 

0.6 

0.3 

0.35 

0.3 

0.3 

0.0 



Heat 
Distortion 



95.7 
94.5 
94.7 
96.1 
95.6 
«6.9 
95.5 



cycles of four hours each using isopj-o- 
panol for the first cycle and methanol for 
the last two cycles according to the tech- 
nique of Example I. 45 



Cycles Alcohol 



0 — 

50 1 Isopropanol 

2 Methanol 

ExAAlFLE VT. 

The extraction procedure ol Example I 
65 was repeated using* various samples of 
identical j^olvstyreur beads as used in Ex- 
ample TV (having a inooiomer content of. 
substantially zero), Tliese extractions 
were conducted with methanol at 110' C. 
60 using various numbers of cycles, the- 
number of cycles and the duration of each 
cycle being as indicated in the table 
l)eIow. Satisfactory extra**tio7i conditions 
5irf» obtained under these circumstances 



Percentage ^ Heat 

Average Shrmkage Distortion 

Length Widtli "C. 

0.37 1.08 95.7 



2.34 0.32 95.4 

with one extraction of 0.5 hour. Although 65 
2 — i cycle::} of two houiNs each do offer some 
advantages, they do not appear sufficient 
to warrant the additional exi^ense and 
time required for the longer and greatier 
number of cycle.s. (There is some in- 70 
stccuracy in the time of extraction, how- 
ever, due to the fact that in each case 
upproximateh- 80 minutes was required to 
raise the temperature of the. bath from • 
70° to- 110" C. and likewise to lower it 76 
fi-om 110" to 70' C). 
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96.2 
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2.32 


0.32 


a5.4 
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1.3J 


0.2}» 
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1.3fi 


0.23 










1 .39 


0.20 






4V0- 
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1.89 


0.25 


i>4.5 
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2.04 


0,30 




16 " : 










95.7 
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0,47 
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ESAAIPI-E VII. 

■ A- series of styTene-2,5-tlicblorostyreiie 
copolymers containing the various mole 
20 percentage?, of 2,5-diclilorostyrene indi- 
cated below in Table I were prepared by 
suspension polymerizations iising approxi- 
mately 4.2 parts of hydroxy apatite* (sub- 
stantially, all Laving subniicronio particle 
size) per 100 parts of polymerizable mono,, 
mer used.. The polymer bead pi-oducts 
when separated from the water susjjension 
medium had hydroxy apatite coatings of 
approximately O.S parts, per lOO parts of 
polymer. These amounts of liydi-oxy 
apatite were sufficient to sttibilize the 
heads against agglomeration during the<<^ 



25 



30 



two-hour methunol extract iaus at 1 1(» (J. 
using a polymer-methanol ratio of JtH* — 
16U paits to give the ii'sailts indicated 35 
below in Table I. 

jytethanol-soluble deterniiusii.if»nc> werfv 
made in each (case by dissolving an acid- 
washed and dried sample of Ihe |>olymer 
beads, dissolving this in to)iu»iie, preclj*!- 40 
tating with methanol, and then, ufter 
separating and di-ying the jirer ipil'iito, dtf- 
termiuing by loss ip w**ight the weiglit oi' 
material which reniained di«J-<>]ved in tljt* 
methanol. These detenninatioDs Wf»re 40 
made on sain2>les of the UlnuIs before aud 
after the methanol extra eiious. and t'he 
results ai-e given below iu TaMo I. 



50 



55 



60 



Mol % 
2 .o-Dichloi oatyrene 



TABUi 1. 
% Original 
Methanol Solubles 



% i'inaJ 
Methanol Suiiibiet; 
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0.^l 


0.8 


10 


1.:! 


0.5 


20 


l.'» 


0.3 


3(» 


0.!) 


O.S 


45 
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^M 




i.s 


\A 


70 




\M 


90 


- - 2.S 


1.2 


100 







A similar expei-iujent uriing polystyrene 
heads coated with magnesium phosphate, 
as produced by a similar suspension i>oly- 

65 merization ,as referred tn immediately 
above, wherein tiubmici'onitr niagnesium 
phosphate was used as tlie ([ispersiug 
agent, was likewise snccessful in prevent- 
ing agglomeration of the beads duvinjjex- 

70 tractions using poKiner-metLaupl weight 



ratios 



,t* 1(M>— 820 and 100—100 at 



l\)Jynieric inaleriais wliii h may In* ox- 
tract:ed according to the pra<-ticp of in- 
vention comprise polymt-r> of ( Yi.. - C<- 76 
cuntainiug compi)unds ruiii xhv'iv I-o])oly- 
mers with each other or wiili otlitM- poly- 
merizable ethylenif rojiij>ouuds. These 
Cir« — C<-«;ontaining conipound< iufhidi-^ 
vinyl and vinylidejn- (•nin]»oinKl> such as 80 
vinyl aromatic 04)111 jjuujuIn, For exam phi 
styrene, vinj-l naphthalene*, vinyl di- 
]»henyl. etc. and tluMr Hub»itiniit*d drnva- 
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tives, e.g, the alkyU uycloalipliatic, uiyl, 
alkoxy, acetoxy, acyl, halo, cyano, deri- 
vatives including ortlio-j nieta- and paiu- 
luetliylrstyrenes, 3,5- and i^,4-dimetliyl- 
& styreneSj oi'tlio-, meta- and para^etkyl- 
styi'eneSj dietliyl-atyi'enes, isio^propyl- 
styrenes, para-cycloliexyl-styi-ene, para- 
phenyl-styrene, oi*tho-, meta- and para- 
inetlioxy-styi*enes, para-acetoxy-styrene, 
10 /i-acetyl-styrene, ortlio-, meta- and paxa- 
cliloro-styrenes, dicliloroatyreneB, ortlio-, 
meta- and para-fluoro-styrenes, difluoxo- 
styrenee, paaa - (ckloro-niethyl^-styrene, 
chloro-melihyl-styrenes, i.e. 2-cMoro-4- 
lBiu&tliyl''StyTene, ortlio-, meta- and paxa- 
tiifluoxonietliyl - styrenes, di-(triflnoiro- 
niet]iyl)-styrenes, oxtlio, meta- and para- 
cy ano-sty renes , dicy a no-styr enes , (cy ano- 
methyl) -st\^'en es , cyano-methyl-Fity renes , 
20 i.e. 2-cyano-4-metL3d-styxene, and corres- 
ponding derivatives of other vinyl aro- 
matic s; aciiylie, alpha-methaexylic and 
alpha-chloroacrjdic acids, esters, i.e. 
methyl estera. amides and nitxiles; vinyl 
25 halides, i.e. vinyl chloride, \dnjl fluoride; 
vinylidene halides, i.e. vinylidene 
chloride, vinylidene fluoride, etc. ; 
ethylene ; isobutylene ; vinyl lefsfceTB such as, 
vinyl acetate, vinyl jn-opionate. vinyl 
30 benzoate*; vinyl ethers, i.e. divinyl ether, 
vinyl-isopropenyl ether, vinyl-methyl 
ether, vinyl-ethyl ether, vinyl ketones, 
i.e. divinyl ketone, methyl vinyl ketone, 
vinyl ethyl ketone, acrylophenone; E"- 
3& \^nyl amides., imides and lactams such as 
N-vinyl acetomide, N-vinyl succinimide, 
N-vinyl phthaliniide, IT-vinyl maleimide, 
N-vinyl Ccvprolactam. 

Copolymers which may be used in tJie 
40 practice of this invention include thyosje 
made from mistiu*es containing any num- 
ber of tie vinyl and vinylidene com- 
ix>unds listed above, such as dipolymers, 
tripo»lymers, tetrupolymers, pentapoly- 
46 mers. for example, such heteropolymers 
as made from mixtures of styreue, alpha- 
niethyl-styrene and divinyl benzene; 
styrene, vinyl naphthalene, alpha- 
methyl-styrene and divinyl benzene; 
50 .'^tyrene, vinylidene . chloride and vinyl 
acetate ; vinylidene chloride, aciylonitrile 
and vinyl aicetate ; vinylidene chloride, 
styrene, methacrylamide, and methyl 
vinyl ketone; vinylideno cliloxide, metliyl 
85 methacrylatf . aoxylonitrile, styrene and 
nietliacrylanude ; methyl methacrylate, 
acrylonitrile, .styrene. nialeic anhj'^dride 
and dimethyl maleate. Obvimisly, the 
I'ljoice of extractant and conditions suit- 
^0 able for .?vuch cojjolymers will vaiy accord- 
\ng to the i)Topertir*s and characteristics, of 
i])e r.opoljTners. 

Tn the practice of this invention, tho 
agitation of the suspension should be at 
06 least sufficient to prevent the suspension 



agent from settling*. In many instancesj 
the efiiciency of the susjjenaion agent can 
be aided by vigorous agitation. Usually, 
any aiTangement is satisfactory TV^hich 
provides motion to tlie suspension suffi- TO 
cient to prevent settling. Stirrers, 
paddles, shaking devices, etc., may suit- 
ably provide the x'equired amount of agi- 
tation. The heating means mi»y comprise 
any of the common methods such as steam 76 
or hot water <;irculating through a jacket 
or coils located so as to convey heat to the 
suspension system and permit mainten- 
ance and control at a desired tempera- 
tui:e. For efficient practice of the inven- 80 
tion the polymer particles are advan- 
tageously less than about i", advantage- 
ously less than about J" in diameter. 

In addition tio improving the properties 
of polymers as indicated above, the ex- ^ 
traction process of this invention is very 
well suited to analytical determinations 
directed to a study of the nature and ii^ian- 
t'ity of plasticiiisers, stabilizersj dyes, etc., 
which are present in a polymeric ^0 
material. T\)rmerly, an analyj^is of poly- 
meric materials fox such substances 
usually involved dissolving the polymeric 
material in a solvent for the polymer and 
separating the pohrmer from the other ®^ 
components in solution eithei' by precipi- 
tation of the polymer or by extraction 
with another solvent which is; a non- 
solvent for th© polymer and for the poly- • 
mer-solvent. These techniques involve the ^00 
use of considerable amoimts of solvent and 
veiy often are very inefficient or tedious 
procedures. By the practice of the present 
invention the separation of plasticizers. 
stabilizers, etc. can be very simply and ^05 
efficiently accomplished. When the inven- 
tion is thus practiced for analytical pur- 
XK)ses, there is usually no concern for re- 
taining or i^rotecting the physical or 
tJiermal properiies of" the polymer, and ^10 
therefor© there is no objection and some- 
times there are advantages in using frwell- 
ing Qolvent^. Under t-liese circumstances, 
in addition to methanol, ethanol and the 
[iropanols, such notorious swelling agents 
OS the alcohols of four, five and more' 
carbon atoms can also be veiy effectively 
**mployed for the extraction of polymeric 
vinyl aromatic compounds, such a.«s poly- 
styrene. ' '120 

Moreover, the process of this invention 
can be used to separate a soluble polymer 
fi-oni a jnixture of yjolymers. Tim.?, by 
selection of an ext^actant which is a sol- 
vcut for one polymer and both the rxti'aiOt- 125 
ant itself and a solution of the soluble 
polyinex in the extractant are non-solvent:^ 
for the other pohanex or polymers, flic- 
first pohnnev can be T<e»])arnted fi^yjm a- 
mixture of polymers containing it. 13© 
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What we claim is: — 

1. A process, foi treating polymer 
l»ar tides to sepjirute removable com- 
poneuts ttierefrom wLicli comprises tomi- 
6 iujr a suspension of tlie polymer particles 
nud a suspension stabilizer ia a liquid 
mediuia, said liciiiid medium being* a nou- 
solvent for tlie polymer but o Bolvent for 
tlie removable conipajieMls of the polymer 
10 particles, and separatin*;: the polymer 
particles from the liqiiid medium contain- 
ing the removable components dissolTed 
therein. 

2- The process uccording to claim 1 in 
IB wliicli the suspended pohmer particles 
are coated with finely di'\aded particles of 
said susjiension ^staliilizer. 

3. The proce^c? according* in eitlier of 
the preceding* claims, in Tvhicli the poly- 

20 mer compri>ie.s a polymer of a CH3 = r<;- 
containiug compound siich a vinyl 
polymer, particularly ;i viuyl aromotic 
]H)lymery for example a styreiie polymer. 

4. The process accordinsr to any of the 
26 prec*ediuja' claim*;, in n-1ueS the solvent i>: 



a monohydric alcohol of less, than four 
carbon atoms^ such as metliaaiol .0.1:. 
etliauol. 

5. The pracess aceordiou* claim -i in 
which the suspension agent is an in- 
org-anic suspension agent, such as zinc 
oxide, kydrosy aiiatite, or nmgnesium 
phosphate. 

e. The process :iccordjug to any of the 
preceding claims in which the teiupei^a- 
ture of the suspension is in the range of 
about 70" 0. to about 130' 0. and prefer- 
ably from 100" C. to 110° €. 

7. The process for treating; polymer 
particles to separate removable com- 
ponents therefroiiJ sxihstaulially ys here- 
inhefore partJculorly described and 
j:scertained, 

HASELTINE, LAKE CO., 
28, Southampton Build hi jii?. 
London, Euuland, and 
19-— 25, Wpst 44th Street. 

l^fevr York, U.S.A., 
Agents for the Applicants. 
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'lf?iaS OF ALCOHOL EXTRACTIONS OF \/AmVS 
PERIODS AT lOOX. UPON SHRINK 
I2ESI5TAHCE OF POLY^TTBENE 
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